An increasing amount of research has shown that knee function after ACL rupture varies considerably. 11, 24, 41 While the majority of individuals with ACL rupture lack dynamic knee stability, some seem to have the ability to dynamically stabilize their knee even during pivoting sports activities. 8, 16, 35 Surgical reconstruction is usually recommended to young active individuals, 6, 32 but no studies have shown that ACL reconstruction restores dynamic knee stability or enables full return to preinjury activity level in all subjects. 4, 15, 34, 43 Dynamic stability has operationally been defined as the ability of a joint to remain stable when subjected to rapidly shifting loads during motion. 26, 46 of patients with ACL injury will compensate adequately and be able to pursue recreational activities without surgery. More recently, other authors have classified knee function early after ACL injury, based on a screening examination. 16, 17 Individuals with an ACL injury passing the screening examination have been classified as In 1983, Noyes et al 37 postulated the rule of thirds, which stated that one third Prospective cohort study.
First, to classify a group of individuals with an anterior cruciate ligament (ACL)-deficient knee as potential copers or potential noncopers, based on an established screening examination. Second, to prospectively follow a cohort of individuals with an ACL injury and characterize the nonoperatively treated subjects as true copers and true noncopers 1 year after injury, and evaluate the outcomes in operatively treated individuals 1 year after ACL reconstruction. Finally, to calculate the predictive value of the screening examination based on a 1-year follow-up of the group of subjects with ACL tears treated nonoperatively.
A screening examination has been developed for early classification of individuals with ACL injuries. Potential copers have successfully been identified as rehabilitation candidates and have shown that they are able to continue preinjury activities without ACL reconstruction (true copers). However, the potential of individuals identified as noncopers to become true copers has not been studied.
One hundred twenty-five subjects with ACL injury were evaluated using a screening examination consisting of 4 single-legged hop tests, the Knee Outcome Survey activities of daily living scale, the global rating of knee function, and the number of episodes of giving way. Knee laxity measurements, the international knee documentation committee subjective knee form (IKDC2000), and return to sport were included as outcome measurements.
Thirty-seven percent (n = 46) of the subjects with ACL injury were classified as potential copers at the screening examination. Of the 102 subjects examined at follow-up, 51% (n = 52) had undergone nonoperative treatment. Sixty-five percent (n = 34) of the nonoperated subjects were classified as true copers at the 1-year follow-up. Among the potential copers, 60% were true copers, while 70% of the subjects initially classified as potential noncopers were true copers at the 1-year follow-up. The positive predictive value for correctly classifying true copers at the screening examination was 60% (95% confidence interval: 41%-78%), while the negative predictive value was 30% (95% confidence interval: 16%-49%).
A majority (70%) of subjects classified as potential noncopers were true copers after 1 year following nonoperative treatment. Individuals with nonoperative treatment and ACL reconstruction showed excellent knee function and were highly active at the 1-year follow-up. The prognostic accuracy of this screening examination for correctly classifying true copers was poor.
erative resolution of impairments (effusion, pain, restricted range of motion, and decreased muscle strength) seem to be helpful for successful outcome after ACL reconstruction. 21, 29, 38, 39 Because changes in knee function in individuals with an ACL tear, classified early after injury as noncopers, and because the predictive value of the screening examination has not previously been examined, the purpose of this cohort study was (1) to classify our population of subjects with ACL-deficient knees as potential copers or noncopers, based on an established screening examination, 16 (2) to prospecto prospectively follow a cohort of subjects with an ACL injury and characterize the nonoperatively treated subjects as true copers or true noncopers 1 year after injury, (3) to evaluate outcomes in operatively treated individuals 1 year after ACL reconstruction, and (4) to calculate the predictive value of the screening examination based on a 1-year follow-up of nonoperatively treated individuals with an ACL injury.
METHODS
O ne hundred twenty-five consecutive subjects participating in level I and II sports, 20 between the ages of 14 to 60 years, and referred to our institution from August 2003 to October 2005 were included in this prospective cohort study. Subjects with ACL injury who regularly participated in level I or II sports, according to the criteria described by Hefti et al ( ), 20 for at least 50 hours a year, were considered eligible for inclusion in the study. Inclusion criteria were unilateral ACL rupture, confirmed with magnetic resonance imaging (MRI), and the results of an instrumented Lachman test with a knee arthrometer (KT-1000; Med-Metric, San Diego, CA).
47 A side-to-side anterior tibiofemoral laxity difference of 3 mm or greater, using maximum manual force, was used to indicate unilateral injury to the ACL.
12 Subjects were included if they had an asymptomatic meniscus injury within the previous 6 months. A meniscus injury was considered asymptomatic if the subject, at the time of screening examination, was able to run and perform a single-legged hop without knee pain or subsequent effusion. The decision on whether a subject was eligible for inclusion was made by the responsible physical therapist (H.M.). Subjects were excluded if they had posterior cruciate ligament injury, fractures, symptomatic meniscus injury, cartilage injury affecting the subchondral boneplate, or any previous injury to the involved or contralateral knee.
Forty-five percent (n = 56) of the subjects were females and 55% (n = 69) were males, with a mean SD age of 27.2 8.6 years and time since injury of 82 37 days at the time of screening examination. Preinjury activity level was level I for 68% (n = 85) and level II for 32% (n = 40) of the participants. The mean SD number of physical therapy sessions prior to the screening examination was 5.8 3.6. One-hundred two subjects (82%) were included in the 1-year follow-up, of whom 51% (n = 52) had undergone nonoperative potential copers. 13, 17 Potential copers have been considered rehabilitation candidates, having the potential to return to preinjury activity level for a limited period without ACL reconstruction. 13, 16, 25 IndiIndividuals failing the screening examination have been termed noncopers.
13,17 Noncopers have traditionally been advised to undergo ACL reconstruction, based on the assumption that they are not good candidates for return to activities through nonoperative treatment. 17, 44, 46 Moreover, early after injury noncopers have demonstrated lack of dynamic knee stability with significantly different lower extremity movement patterns as compared to potential copers. 1, 5, 7, 10, 11 Nevertheless, there is no evidence to date that clearly establishes that noncopers following an ACL injury should be excluded as rehabilitation candidates. Previous prospective studies have exclusively followed patients classified as potential copers 9 and, to our knowledge, no prospective study with 1-year followup exists on patients with ACL injury classified as noncopers. Consequently, it has not been determined if patients with an ACL-deficient knee classified as noncopers early after injury have the potential of turning into true copers. Additionally, it is unknown if the dynamic knee joint stability observed early after the ACL injury in individuals considered potential copers continues over time (true copers). 16, 45 The treatment algorithm for patients with ACL rupture in our institution is different from the reported treatment algorithm by Fitzgerald et al, 16, 17 who developed the screening examination. At our institution patients are encouraged to perform an exercise program for at least 3 months after the ACL injury, regardless of early classification as potential coper or noncoper. ACL reconstruction is, in general, not recommended unless the individual is pursuing professional sports or experiences lack of dynamic stability of the knee, which results in preference for nonoperative treatment for approximately 50% of all the patients with ACL injury.
18 This treatment algorithm is based on reports suggesting that preop- treatment and 49% (n = 50) ACL reconstruction. The remaining 23 subjects were excluded from the analysis due to the following reasons: 1 sustained an ACL injury to the contralateral knee, 4 had moved abroad, 8 did not respond to the invitation, and 10 subjects had gone through ACL reconstruction too close to the time of testing and were therefore not eligible for 1-year follow-up after surgery. The screening examination was performed as soon as the prerequisites for the screening examination were met after the knee injury. Prerequisites for the screening examination included (1) resolution of physical and functional impairments, such as joint effusion, gait abnormalities, range-of-motion (ROM) deficits, and (2) the ability to hop on the involved lower extremity without pain. All subjects were assessed clinically by the same physical therapist (HM) to ensure that the prerequisites were met before the screening examination. Gait abnormalities were assessed by visual observation. Limping or ROM deficit during walking was considered a gait abnormality. Passive ROM was evaluated clinically by the physical therapist with the patient lying in supine position. Equal side-to-side passive knee extension and flexion was considered normal ROM. All patients were enrolled in the rehabilitation program at our outpatient clinic and encouraged to consult a physical therapist once a week for progression of the program. Home exercises were provided, which participants were encouraged to perform daily. Rehabilitation and preoperative physical therapy are free for the first 6 months after ACL injury in Norway, and postoperative rehabilitation is similarly free for 6 months after ACL reconstruction. The physical therapist decides how many sessions are considered necessary within these time limits. Rehabilitation before the screening examination consisted of cycling on a stationary bicycle and weight-bearing exercises, with emphasis on neuromuscular control to enhance dynamic knee and hip stability. Low-load resistance strength-training exercises, such as leg press, seated knee extension, and leg curl, were also included in the program. The number of physical therapy visits prior to the screening examination was recorded, but rehabilitation attendance or compliance was not registered after the screening examination. After the screening examination, patients continued the rehabilitation program, with focus on regaining muscle strength, agility drills, and neuromuscular training until the orthopedic surgeon responsible decided on further treatment. Orthopedic surgeons from 5 different hospitals were involved in the treatment of the subjects. Activity level, type of activities, the number of giving-way episodes, age, the subject's own preferences, and the results from the screening examination were all considered when deciding whether to perform surgery or not.
The study was approved by the Data Inspectorate and the Regional Committhe Regional Committee for Medical Research Ethics, and all subjects signed an informed consent form prior to participation.
The screening examination was performed within 6 months post injury, and consisted of (1) the timed 6-meter hop test, 16, 36 (2) the Knee Outcome Survey activities of daily living scale (KOS-ADLS), 16, 28 (3) the global rating of knee function assessed by a visual analogue scale (VAS), 16 and (4) determining the number of episodes of giving-way since the injury. 16 An episode of giving way was defined as a perceived subluxation event of the knee with pain and subsequent effusion. 16 To characterize the population of subjects with ACL injury we also included the 3 additional single-legged hop tests described by Fitzgerald et al and others. 13, 16, 36, 45 Subjects who met all of the following criteria were classified as potential copers at the screening examination: (1) hop test index of 80% or more for the timed 6-meter hop test, (2) KOS-ADLS score of 80% or greater, (3) global rating of knee function of 60 or greater, and (4) no more than 1 episode of giving way since the injury.
13,17
Subjects who failed to meet all criteria were classified as potential noncopers. 16, 45 The term potential noncopers was used to distinguish individuals considered potential noncopers at the time of the screening examination and the noncopers at the 1-year follow-up exam (true noncopers). To be able to compare our results to those reported by Fitzgerald et al, 16 we used identical criteria for the classification of potential copers and noncopers at the screening examination.
Before the screening examination, all subjects performed a standardized warmup program consisting of 10 minutes on a stationary cycle. All tests were supervised by the same physical therapist (H.M.). A tape measure was taped to the floor for the measurement of hop distance. A stopwatch was used to manually time the timed 6-meter hop test. The 4 singlelegged hop tests were (1) the single-hop for distance, (2) the straight triple-hop for distance, (3) the triple-crossover hop for distance, and (4) the timed 6-meter hop test. Subjects performed 1 practice trial, followed by 2 recorded trials of each hop test. The uninjured side was tested first. The test was considered valid only if the subject managed a firm landing without twisting the foot or excessive balance movements. No brace was used during the hop tests. The hop test score for each side was reported as the better of the 2 recorded trials. The single-hop, triplehop, and crossover hop test index were expressed as a percentage by dividing the performance of the injured extremity by the performance of the uninjured extremity. The timed 6-meter hop index was expressed as a percentage by dividing the time for the uninjured extremity by the time for the injured extremity result. 13, 16 The score on the KOS-ADLS was calculated by adding the values for each question on all 14 items, divided by 70 (the total possible number of points for the questionnaire), and multiplied by 100, with the final score expressed as a percentage.
28
The global rating of function was measured on a scale ranging from 0 to hop, and the timed 6-meter hops. Finally, the subjects reported on the number of giving-way episodes and answered the questionnaire on current activity level.
Statistical analyses were performed using the NCSS97 (Number Crunches Statistical System, Version 2.0.0.406; NCSS, Kaysville, UT). Mean and SD were calculated for numerical data; median and range were calculated for ordinal data. Two sample t tests were used for comparisons between groups (potential copers versus noncopers, and true copers versus true noncopers) when normality distribution was confirmed. Where normality distribution was rejected, the Mann-Whitney U test was used for group comparisons and reported with median and 95% confidence intervals (CIs). Alpha level was set at .05.
The positive predictive value of the 100 points, with 100 being the patient's level of knee function prior to injury and 0 being the inability to perform any daily activities. The patients were instructed to draw a vertical mark on a 10-cm-long horizontal line, with 0 and 100 at either end of the line.
The International Knee Documentation Committee Subjective Knee Form (IKDC2000) was included as an outcome measure to characterize the population and comparison with other reports on individuals with ACL injury. 27 The score on the IKDC2000 is calculated by adding the values for each question (maximum 105), minus the lowest possible total score (18), divided by the range of possible scores (87), multiplied by 100.
27
The test protocol was performed in the following order: the single-hop, the triple-hop, the crossover hop, and the timed 6-meter hops. Then, the individuals answered questions regarding the number of giving-way episodes, followed by the KOS-ADLS, the global knee rating, and the IKDC2000 questionnaires.
The follow-up examination was performed 1 year after the initial screening examination for the nonoperatively treated individuals. If a subject underwent ACL reconstruction during the follow-up period, the follow-up examination was performed 1 year after surgery. Based on the report from Fitzgerald et al, 16 we classified nonoperated subjects as true copers at the 1-year follow-up exam if they had resumed their previous activity level without episodes of giving way. Subjects who had not returned to their previous activity level or had experienced givingway episodes were classified as true noncopers at the 1-year follow-up exam.
The 1-year follow-up test protocol was carried out in the following order subsequent to the KT-1000 measurement: the KOS-ADLS, the global knee rating, and the IKDC2000. Then, the single-legged hop tests were performed as follows: the single-hop, the triple-hop, the crossover classification as potential coper at the screening examination was calculated as follows: true positives ÷ (true positives + false positives).
40 Subjects classified as potential copers at the screening examination and true coper at the 1-year follow-up were true positives, while subjects classified as potential coper at the screening examination and true noncoper at the 1-year follow-up were false positives. The negative predictive value of the classification as potential coper (correct classification as true noncoper) at the screening examination was calculated as follows: true negatives ÷ (true negatives + false negatives).
40 Subjects classified as potential noncoper at the screening examination and true noncoper at the 1-year follow-up were true negatives, while subjects classified as potential noncoper at the screening examination and true coper at the 1-year follow-up were false negatives. The sensitivity, specificity, and Flow chart of the subjects throughout the study. *23 dropouts (8 potential copers, 15 potential noncopers). Abbreviations: ACL, anterior cruciate ligament; NC, true noncopers; TC, true copers.
positive and negative likelihood ratios with 95% CI were also calculated.
42
ollowing the screening examination, 63% (n = 79) of the subjects were classified as potential noncopers and 37% (n = 46) as potential copers. There were no differences in subject characteristics, time since injury, knee joint laxity, prescreening physical therapy sessions, or preinjury activity level between potential copers and noncopers (
). There were highly significant differences (P .001) between potential copers and noncopers for all parameters included in the screening examination and for the IKDC2000 ( ). The postinjury MRI scans demonstrated that 15% (n = 18) of the subjects had asymptomatic medial meniscus injury, 9% (n = 11) had asymptomatic lateral meniscus injury, and 6% (n = 7) had minor pathological findings in the cartilage of the lateral femoral condyle.
For the 51% (n = 52) nonoperated subjects, the average SD time from screening examination to 1-year follow up was 404 66 days. For the 49% (n = 50) of the subjects with ACL reconstructed knees the average SD time from injury to ACL reconstruction was 184 91 days, and the time from screening examination to ACL reconstruction was 104 88 days. The average SD time from ACL reconstruction to the 1-year follow up was 380 45 days. The number of potential copers and potential noncopers, subjects with ACL reconstruction, and true copers and true noncopers among those who did not have surgery are illustrated in the .
Fifty-one percent (n = 52) of the subjects went through nonoperative treatment, of which 44% (n = 23) were females and 56% (n = 29) were males. Sixty-five percent (n = 34) of all the nonoperated subjects were classified as true copers, and 35% (n = 18) as true noncopers at the 1-year follow-up. According to the criteria for true copers of having returned to preinjury activity level without episodes of giving way, 15 out of 25 subjects initially classified as potential copers were true copers at the 1-year follow-up exam, giving a positive predictive value of 60% for correctly classifying true copers at the screening examination. Only 8 of 27 subjects classified as potential noncopers at the screening examination were true noncopers at the 1-year followup exam, giving a negative predictive value of 30% for correctly classifying true noncopers at the screening examination ( ). The sensitivity, specificity, and positive and negative likelihood ratios of the screening examination classification are presented in . True copers had significantly less knee joint laxity, fewer giving-way episodes, significantly higher activity levels, and greater improvement in KOS-ADLS and IKDC2000 scores compared to true noncopers at the 1-year follow-up ( legged hop tests at the 1-year follow-up ( ).
Forty-nine percent (n = 50) of the subjects went through ACL reconstruction during the 1-year follow-up period, of which 52% (n = 26) were females and 48% (n = 24) were males. Eighty percent underwent surgery using a hamstrings graft, and 20% underwent surgery using bone-patella tendon-bone graft. Surgical records documented that 24% (n = 12) had medial meniscus injury, of which partial meniscectomy was performed on 75% (n = 9), while 25% (n = 3) were left untreated. Thirty percent (n = 15) had lateral meniscus injury, of which partial meniscectomy was performed on 53% (n = 8), while 47% (n = 7) were left untreated. Three cases of minor cartilage injuries (grade I-II) on the medial femoral condyle and 3 cases on the lateral femoral condyle were recorded in the medical records, but no cartilage surgical procedures were performed. Among subjects with ACL reconstruction, 70% (n = 35) had returned to preinjury activity level at the 1-year follow-up. With regard to the second aim of the study, 65% of the nonoperated subjects were classified as true copers at the 1-year follow-up. There are no directly comparable studies reporting the percentage of true copers (defined as returning to preinjury activity level and no episodes of giving way) after 1 year following nonoperative treatment for a torn ACL. However, authors have reported a returnto-sport rate of subjects with a torn ACL treated nonsurgically to be between 19% and 82%. 3, 14, 34 Sixty-nine percent of our subjects with ACL tear treated nonoperatively had returned to preinjury activity level 1 year after screening examination. Fitzgerald et al 16 reported that 79% of the subjects initially classified as potential copers who underwent nonoperative treatment were classified as true copers after returning to preinjury activity level for a limited period. Nonoperatively treated true copers from Fitzgerald et al 16 were selected exclusively from a population of potential copers, leaving only 24% (22 of Global rating of knee function (VAS, 0-100) 92 (87-94) 84.5 (76-95) .05
Episodes of giving-way 0 (0-0) 1.5 (0-2) .01
Preinjury activity level (level I or II) 1.5 (1-2) 1 (1-2) .13
Activity level at follow-up (level I, II, or III) 1 (1-2) 2 (2-2 Crossover hop for distance (% of uninjured) 92.0 12.4
Timed 6 meter hop test (% of injured) 92.5 9.9 KOS ADLS 91.7 8.4
Global rating of knee function (VAS, 0-100) 85.2 11.5
Activity level at follow-up (level I, II, or III) 1 (1-2) IKDC2000 84.6 13.3
93) of the entire population investigated as true copers because potential noncopers were excluded from nonoperative treatment. 16 Fitzgerald et al 16 excluded potential noncopers from the nonoperative treatment because they assumed that noncopers would not be capable of safe return to sport due to the lack of dynamic knee joint stability. The single most important reason for our decision to investigate the screening examinations predictive value for correctly classifying true copers was our experience with the treatment algorithm, in which all subjects are considered rehabilitation candidates early after ACL injury. We have observed that the development of knee function in nonoperatively treated subjects takes time, and we were concerned that excluding potential noncopers from nonoperative treatment, in fact, would lead to unnecessary surgery for a number of patients or exclude the potential noncopers from significant preoperative rehabilitation. The present study provides a scientific rationale for not excluding potential noncopers from nonoperative treatment; however, further research is necessary to further examine significant predictive factors for nonoperative treatment.
In this study, the overall results for knee function and return to sport are good for subjects who underwent ACL reconstruction, as well as for those treated nonoperatively ( and ). The 50 subjects with ACL reconstruction averaged greater than 90% on all single-legged hop tests and the KOS-ADLS questionnaire, while the IKDC2000 and global rating scores were greater than 84. Anderson et al 2 reported the normative IKDC2000 score for subjects in the age group 25 to 34 years, with a previous knee injury, to be on average 88.9 points (95% CI: 87.6-90.3) for men, and on average 86.0 points (95% CI: 84.5-87.0) for women. Related to the normative IKDC2000 data, nonoperated and ACL reconstructed subjects in this study showed near-normal knee function at the 1-year follow-up exam. Interestingly, among the nonoperatively treated subjects, true copers had a median IKDC value of 92, while true noncopers had a score of 84, which placed them, respectively, above and below the normative values reported by Anderson et al. 2 Keays et al 30 reported that 31 subjects post-ACL reconstruction performed 88.0% on the single-hop test and 89.6% on the triple-hop for distance test, compared to the uninjured side 6 months after ACL reconstruction; while Gustavsson et al 19 reported that only 30% of their subjects with ACL injury performed better than 90% on the single-legged hop tests 6 months after ACL reconstruction. Myer et al 33 have developed criteria-based clinical guidelines with functional test for latephase rehabilitation and return to sport. The rationale for this bilateral comparison is the assumption that subjects who resume high-level activities with asymmetric lower limb function are at risk of reinjury. 23 Myer et al 33 used a variety of functional tests and used a cut-off of 85%, compared to the uninjured side for return-to-sport criteria. In the present study we found that true copers scored significantly higher than true noncopers on all the questionnaires (KOS-ADLS and IKDC2000), but not on any of the performance based single-legged hop tests. True noncopers as well as true copers performed better than 90% on all 4 singlelegged hop tests, which does not support the use of the single-legged hop tests as criteria for safe return to sport. There is little scientific evidence regarding return to sport criteria in the literature, 31 and there is also a debate if return-to-sport criteria should be used as a criterion for success. 31, 34 There are difficulties related to the use of return to preinjury activity level as a success criterion. Individuals with an ACLdeficient or reconstructed knee may have other substantial reasons for not returning to sports after injury. Some individuals prefer not returning to high-risk activities due to the strenuous rehabilitation after an ACL reconstruction. These so-called adapters 7 will not be considered successfully treated individuals, even though they may be satisfied and have excellent knee function related to their adjusted activity level. In the present study there may be several adapters who have been classified as true noncopers, which may in part explain the small differences in performance on functional tests between true copers and true noncopers. Return to preinjury activity level as a main outcome may give a false impression of lower success rates at follow-up and does not give an objective measurement of knee function.
The final aim of this study was to calculate the predictive value of the screening examination. The positive predictive value of classification as potential coper at the screening examination was 60% (95% CI: 41%-78%), while the negative predictive value of the classification at the screening examination was 30% (95% CI: 16%-49%). Among the potential copers, 60% were true copers, while 70% of the potential noncopers were true copers at the 1-year follow-up exam.
shows that for all elements of the prognostic accuracy profile, the results are not statistically significant, as the 95% CIs include the null values for the statistics. The null values for sensitivity, specificity, and positive and negative predictive values are all 50%, showing that the level of prognostic accuracy is no different than random chance. The null value for the likelihood ratios was 1.0, which indicates no shift from pretest to posttest probability. Considering that upper bounds of the 95% CIs are all below 80% for sensitivity, specificity, and predictive values, prognostic usefulness of the screening examination is unlikely. The only result with 95% CI close to being clinically acceptable is the positive predictive value with an upper bound of 78%. The intention behind the development of the screening examination was to create a tool to identify individuals with an ACLdeficient knee early after injury who had a potential of returning to preinjury activity level for a limited period. 16, 17 Subjects classified as potential noncopers at the screening examination have traditionally been considered noncandidates for nonoperative treatment; but the low negative predictive value from this study suggests that subjects classified as potential noncopers should also be considered rehabilitation candidates. Additionally, the results from the present study indicate that to exclude subjects from nonoperative treatment based on the classification of potential noncopers at the screening examination is to underestimate the true proportion of subjects who are able to continue to be active at their preinjury activity level after nonoperative treatment.
The findings in this study illustrate the challenges clinicians meet in daily practice. We still do not have the optimal clinical tests to correctly assign individuals with an ACL tear to the correct treatment (conservative or surgery) early after injury. However, the screening examination should be further developed to be a significant clinical tool to correctly identify lack of dynamic knee stability in individuals with an ACL tear after optimal exercise programs have been performed. Time is sometimes an essential aspect of the decision-making process following and ACL injury. Regaining dynamic knee stability in some individuals with an ACL tear can take time.
Although some athletes may regain dynamic knee stability through nonoperative treatment, most athletes will not be willing to invest sufficient time in postinjury rehabilitation to fully explore the potential of nonoperative treatment before deciding on surgical treatment.
The design of this study does not allow us to examine the significant factors contributing to the low predictive value at the 1-year follow-up of nonoperative treatment. However, dynamic knee joint stability seems to change in both potential copers and potential noncopers, probably due to both time and treatment. There is a possibility that the classification criteria put forward by Fitzgerald et al 16 might not be strict enough to separate the dynamically stable ACL-deficient subjects from the unstable ACL-deficient subjects, or that the screening examination was only valid for assigning individuals with ACL injury as short-term rehabilitation candidates. Other studies have suggested that evaluating dynamic knee joint stability with several single-legged hop tests is a more valid measure of knee function.
22,36
Future studies should examine if all 4 single-legged hop tests should be included in the classification of dynamic knee stability early after ACL injury. Our results suggest that the timing of the screening examination might be too early to classify individuals as rehabilitation candidates or not, because potential noncopers as well as potential copers seem to improve their knee function significantly from the screening examination until the 1-year follow-up. This investigation establishes support for an assumption that a significant proportion of potential noncopers have the possibility of regaining dynamic knee stability similar to potential copers. Furthermore, future studies need to examine changes in movement patterns and neuromuscular function, using motion analysis and electromyography in both true copers and true noncopers.
The foremost limitations of this study are its lack of assessment of compliance to rehabilitation after the screening examination and of the subjects' knees by MRI or arthroscopy at follow-up. We wanted to include muscle strength testing both at time of the screening examination and as an outcome measurement at followup but did not have appropriate muscle strength-testing equipment available at that time. Future studies should evaluate whether muscle strength is a significant factor for the classification of true copers and true noncopers.
Further research should continue to develop criteria for performance-based clinical tests to investigate the predictive value of an early functional screening examination and significant factors to correctly identify lack of dynamic knee stability in subjects with ACL injury. n this study, 37% of those with ACL injury were classified as potential copers and 63% as potential noncopers. Subjects who underwent ACL reconstruction as well as those who followed a conservative rehabilitation program showed excellent results on single-legged hop tests and good results on functional questionnaires at the 1-year follow-up exam. One year after the screening examination 60% of the potential copers were true copers, and at the 1-year follow-up exam 70% of the subjects initially classified as potential noncopers were true copers. The positive predictive value for correctly classifying true copers at the screening examination was 60% (95% CI: 41%-78%), while the negative predictive value was 30% (95% CI: 16%-49%). None of the prognostic accuracy statistics showed clinically useful results in the investigated population.
The screening examination had poor predictive value for correctly classifying true copers and true noncopers at the 1-year follow-up, bringing into question the use of this screening examination to determine who should have surgery post ACL injury.
The majority (70%) of subjects with ACL injury classified as potential noncopers were true copers after 1 year following nonoperative treatment. The prognostic accuracy of the screening examination was poor.
Subjects classified as potential noncopers and potential copers from the screening examination should be equally regarded as rehabilitation candidates. Orthopaedic surgeons and physical therapists should be cautious when advising treatment options to subjects with an ACL injury, based on the screening examination.
The results presented in this paper were obtained from subjects regularly performing level I and II sports; no professional athletes were included in the study.
